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The dynamic transcriptomic output of the human genome composed by coding and non-coding RNA (ncRNA) transtate and characteristics of a particular cell or tissue [1] . Coding transcripts or messenger RNAs (mRNAs) are devoted to the production of proteins by ribosome translation, whereas ncRNAs are untranslated RNAs that usually perform regulatory functions controlling the flow of information from the genome [2] . Nc-RNAs have been described as "architects" of eukaryotic genomic complexity since they are responsible for the establishment of an additional layer of regulation of the genomic output that enables the integration of complex suites of genomic expression at the cellular level [1] . Nc-RNAs can be classified into small (<200 nt) or large (>200 nt) families. With some exceptions, small RNAs are tipically generated from genomic loci by transcription and further processing by same transcription and splicing machinery employed to produce coding mRNAs [3] . The essential role of ncRNAs in cardiovascular pathophysiology started to be recognized early at the beginning of the discovery of ncRNAs with the characterization of ncRNAs necessary for proper heart function and physiology [4] . In the last decade, the entangled regulatory network controlled by ncRNAs in cardiovascular diseases (CVDs) is starting to be unveiled [5] [6] [7] . The main groups of ncRNAs described to be involved in cardiovascular physiology and disease are: microRNAs (miRNAs), long non-coding RNAs (lncRNAs) and circular RNAs (circRNAs).
Micro-RNAs (miRNAs)
Among small ncRNAs, micro-RNAs (miRNAs) are the most abundant family in the human genome, which contains more than 2000 different loci for the production of miRNAs [8] . MiRNAs are short ncRNAs (18-22 mer) generated by a complex genomic loci and the processing of the generated transcripts by specialized RNA endonucleases [9] . They act as negative regulators of gene expression by binding to the 3'-UTR region that form the RISC (RNA Induced Silencing Complex). In healthy cells, miRNAs act as modulators to maintain protein levels within the physiological homeostatic intervals. The regulatory activity of a miRNA depends on the presence of its cognate mRNA target, and for this reason the same miRNA could have distinct regulatory effects in different cellular types [10] . In a pathological context, an ectopic expression of a of non-natural target transcripts and to a functional disequilibrium [11, 12] . Cardiac physiology requires a delicate balance between chemical and electrical stimuli that are responsible for the complicated mechanism of contraction. In consequence, a tight regulation of these synchronous processes is required, and miRNAs seemed to be ideal regulators to exert the control over the levels of sarcomeric proteins, ion transporters and contractility regulators [13] . In fact, cardiovascular biology was a pioneer area in the study of the function of miRNAs and their roles in heart development and maintenance of contractility. The pathophysiological role of miRNAs in the myocardium was initially inferred by the study of aberrant expression patterns of these small ncRNAs in specific cardiac pathologies such as hyperthropy and heart failure [5] , myocardial infarction [14] or cardiac myopathies [6] . Further studies based on the selective manipulation of miRNA levels in animal models showed their intrinsic relevance in cardiovascular biology and their importance not only as regulatory molecules but also as potential therapeutic targets [7] . There are three cardiac specific human miRNAs highly expressed in myocardium and with less extend in striated muscle, which are located within introns of genes encoding sarcomeric proteins: hsa-miR-499a-5p, located in the intron 19 of MYH7B gene encoding for the cardiac Myosin heavy chain 7B (Genomic coordinates, GRCh38, chr20: 34990376-34990497); hsa-miR-208a-3p, located in the intron 29 of MYH6 gene encoding for the cardiac Myosin heavy chain 6 or "fast myosin" and predominantly expressed in fetal myocardium (Genomic coordinates, GRCh38, chr14: 23388596-23388666) ; and hsa-miR-208b-3p, generated by the intron 31 of the MYH7 gene encoding for the cardiac Myosin heavy chain 7 or "slow myosin", which is mainly expressed in myocardium in the adulthood (Genomic coordinates, GRCh38, chr14: 23417987-23418063) . The roles of miR-208 family and miR-499a-5p in humans appeared to be redundant, being involved in the regulation of heart contractility and function [15] . Aberrant expresabnormal myocardium function, leading to cardiac hypertrophy, arrhythmias and fibrosis [16] . Additional muscle-specific and cardiac-enriched miRNAs such as miR-1 were characterized to be essential for proper heart development in mouse models [4] but also were involved in the onset and progression of cardiac conditions such as hypertrophy [17] . In the last decade, the availability of transcriptomic data supported by the development of the high-throughput sequencing techniques, allowed the characterization of the functional role of hundreds of miRNAs in the onset and progression of CVDs. The last version of HMDD2.0 database, an experimentally-supported database of miRNA-disease associations [18] , contains references for 165 different miRNAs related with CVDs, which genomic loci are widespread across the human genome ( Figure 1A ). It is very interesting to observe that the miRNAs more often referred as related with ( Figure 1B ). In fact, many miRNAs previously characterized as onco-miRNAs such as hsa-miR-21-5p or hsa-miR-126-3p are key players in CVD, regulating myocardial fibrosis [11] , response to ischaemia [19] , ventricular remodeling [20] , heart failure [21] , arrhythmia [12] and even controlling the brain-heart interaction axis [22] . In complex eukaryotic organisms as humans and due to the redundancy of the regulatory cellular circuits, it is very -vidually responsible for the control of a particular biological pathway. Instead, a complex network of entangled regulatory interactions is expected, involving many miRNAs that would work together supporting the regulatory effect over the metabolic pathway. This is also true for CVDs, where complex association of the regulatory effects of several miRNAs can control cardiovascular function [4] , disease progression [23] and clinical secondary complications [24] . Moreover CVDs are complex clinical scenarios frequently driven by chronic conditions such as atherosclerosis, and miRNAs could be important players in the progression of this chronic condition by regulating plaque initiation, remodeling and rupture, being considered as a risk modulating factors [25] . Interestingly, a considerable fraction of the miRNAs involved in CVDs can be detected as a circulating species in suggest their possible application as biomarkers ( Figure 1C ).
Long non-coding RNAs (lncRNAs)
Large ncRNAs, also known as long non-coding RNAs or lncRNAs are non-coding RNA transcripts >200 nt and generated from transcriptional units that resemble protein coding genes but lacking their coding potential [2] . Following the last version of Gencode database (v.27.0, January 2017, GRch38) [26] , the estimated number of these ncRNA species in the human genome is ~15 000. These transcripts have initially been suggested to represent only the bystander's transcription within protein-coding regions. However, they are known to be very relevant players in the regulation of cell functions since they can interact with genomic DNA as well as RNA functioning as flexible molecular scaffolds for the recruitment of chromatin modifying enzymes and transcription factors, driving their location to the correct functional localization [27] . LncRNAs have also been shown regulate the activity of other ncRNAs, specifically miRNAs, by acting as 'sponges' that titrate miRNAs away from natural mRNA targets (thereby acting as competing endogenous RNAs; ceRNAs) [28] . Loss-of-function experiments have provided evidence of lncRNAs functional importance in the regulation of gene expression patterns that control many cell functions ranging from cell pluripotency, differentiation and survival [29] . LncRNAs have tendency to be - ulatory function in cis, modulating nearby genes on the same allele, or in trans by affecting genes at long genomic distances. LncRNAs are in general actively regulated and may function predominantly in embryonic development. However most lncRNAs evolve rapidly in terms of sequence and expression levels, tissue specificities and probably tridimensional structure of lncRNAs would be conserved among close related species. The evidence of the important role of lncRNAs in cardiac function was firstly described in the case of Braveheart lncRNA (lncRNA-Bvht), a mouse lncRNA with an essential role in the establishment of cardiovascular lineage during heart development by regulating the specific recruitment of CM cellular precursors [30] . LncRNA-Bvht interacts with SUZ12, a component of polycomb-repressive complex 2 (PRC2), during CM (CM) differentiation, suggesting that lncRNABvht mediates epigenetic regulation of cardiac commitment, and also has a role in maintaining cardiac fate in neonatal CMs. LncRNA-Bvht is also involved in the differentiation of mesenchimal mouse stem cells to CMs [31] . The heart-related lncRNA-fendrr was also characterized in mouse models as modulator of proper heart differentiation by controlling pluripotency, lineage commitment, and cell differentiation at the chromatin level [32] . Non-species conservation of lncRNAs has prevented the easy discovery of the corresponding human counterparts of these cardiac-related lncRNAs. Recently, lncRNA-HBL1 (Heart Brake LncRNA 1) has been described as regulator of CM development from human induced pluripotent stem cells (hiPSCs). Overexpression of lncRNA-HBL1 repressed CM differentiation from hiPSCs, by a mechanism involving the sequestration of hsa-miR-1 [33] . Dysregulation of lncRNA global expression pattern has been described in some cardiovascular conditions as ischemic heart failure either in mouse models or humans [34] . Moreover, some lncRNAs related with cardiac pathophysiology are mouse models, Viereck and coworkers have recently identias a regulator of cardiac hypertropy at the CM level, and validated the results in human embryonic stem cell-derived CMs upon hypertrophic stimuli [35] wisper (Wisp2 super-enhancer-associated RNA) is a cardiac both in a mouse model of MI and in hearts from human aortic stenosis patients [36] .
Circular RNAs (circRNAs)
CircRNAs are a family of ncRNAs generated from RNA transcripts by non-canonical back-splicing events that inversely connect exon boundaries [37] . Despite of other putative regulatory functions, circRNAs act as scavengers to capture other RNA molecules, behaving as molecular sponges that control the levels of other regulatory proteins or RNAs including miRNAs. The expression pattern of circRNAs is highly dependent on the organism and cell type, showing a low degree of conservation between species. In human heart tissue, abundance of circRNAs is generally related with their cognate mRNAs, being the most abundant cardiac-expressed circRNAs generated from key cardiac transcripts including TTN, RYR2 and DMD genes [38] . The role of circRNAs in cardiac disease conditions is starting to be unveiled by recent reports that showed their important functions as modulators of miRNA levels. In animal models some circRNAs have been recently characterized as promoters of cardiac fibrosis by sponging miR-141 or miR-26b-5p [39, 40] , as protectors for cardiac hypertrophy by capturing miR-223 [41] , as mediators of CM death by decreasing the levels of miR-652-3p [42] and as promoters of myocardial infarction by sequestering miR-7a [43] . In all the described situations, circRNAs are essential players in controlling the levels of endogenous miRNAs, which enhance their importance in cardiac physiology. Function of circRNAs as molecular buffers modulating miRNA levels and their role in the onset and progression of cardiac conditions are essentially uncharacterized in humans, since all the already published studies have been performed in animal models.
The human non-coding RNA secretome Introduction NcRNAs can be detected in extracellular medium and circulattumors, being described as products of the tumor-induced cellular apoptosis and subsequent lysis [44] . However human and other eukaryotic cells are able to actively secrete RNAs using specific secretory cellular mechanisms. The first evidence for this phenomenon was described almost ten years ago by Valadi and coworkers [45] . The authors were able to show that exosomes derived from a mouse and a human mast cell lines (MC/9 and HMC-1 cell lines), as well as primary bone marrow-derived mouse mast cells, contain RNA. Among the exosome-contained RNA species, the authors identified several coding mRNA transcripts as well as miRNAs. RNA-containing exosomes were quickly recognized as a putative mechanism for the interchange of genetic functional information between cells [45] . Extracellular and functionally active RNAs can be considered as "genetic hormones" that could be produced in a This idea has been elegantly described and demonstrated in locus in the adipose tissue. Adipose tissue Dicer knock-out mice suffered a severe lipodystrophy that could be reverted by the injection of serum exosomes from normal mice, showing the intrinsic relevance of circulating miRNA in the overall organism homeostasis [46] . The searching and characterization of extracellular RNAs has grown exponentially in the last decade because their intrinsic regulatory functions, but also because they may can be used as biomarkers of disease and response to treatment. Among secreted regulatory RNAs, miRNAs are the most widely studied group as biomarkers in CVDs, however there is a recent increasing interest in the study of other circulating www.chinaphar.com Stepien E et al
RNAs such as lncRNAs and circRNAs.
Extracellular vesicles as ncRNA conveyors Extracellular vesicles (EVs) are small cell-derived structures (diameter up to 4000 nm) enclosed by lipid bilayer. They are released by cells within the cardiovascular system both in physiological and pathological conditions including MI, stroke and coronary artery diseases [47] . Their presence has been demand cerebrospinal fluids, while their number and molecular composition can vary depending of the origin and type of cell from which they were released [48] . Plasma EVs were identified in 1967 as a subcellular fraction that originates from platelets and promotes coagulation, termed "platelet dust". Nowadays, it is recognised that platelet-derived EVs contribute in about 25% of all circulating EVs in blood, whereas the remaining part of circulating EVs is released from other blood cells (leukocytes, vascular endothelium) and tissues, including myocardium. Two types of molecule signature are described as involved in ncRNA transfer between cells: exosomes and microvesicles ( Figure 2 ) [49] . Smaller exosomes are the most homogenous vesicles, 30-100 nm in diameter, which are released by exocytosis of multivesicular bodies (MVBs). On the contrary, bigger vesicles called microvesicles or ectosomes are more heterogeneous in size and composition. They are 100-1000 nm in diameter and they are released by budding from plasma membrane upon cell [50] .
Exosome formation and RNA sorting
In the process of exosome formation, four protein complexes called endosomal sorting complexes required for transport (ESCRT) play an important role in the every step of vesicle secretion: cargo sorting, intraluminal vesicle (ILV) formation and release to the MVB. ILVs are formed by ESCRT machinery which consist of four escortin complexes: ESCRT-0 responsible for cargo clustering, ESCRT-1/ ESCRT-2 responsible for induction and bud formation and ESCRT-3 controlling vesicle scission and accessory proteins (VPS4 ATPases) which allow dissociation and recycling of the ESCRT machinery [51] . Despite -nisms of membrane sorting are still not revealed in this complicated machinery. The lipid cargo depends on sphingolipid ceramide presence and sphingomyelinase activity. Moreover, the neural sphingomyelinase 2 (nSMase2)-dependent pathway et al was reported to be related to miRNA secretion into exosomes and overexpression of nSMase2 increased the number of exosomal miRNAs, on the other hand its inhibition reduced the number of exosomal miRNAs (Figure 2 ) [52] . Another important issue is exosome release to the extracellular space, which is regulated by a family of small G-proteins-Rab GTP-ases (Rab27, Rab11 and Rab35) and effector proteins Sl4 and Slac 2b. MVB fusion with plasma membrane is controlled by soluble NFS-Attachement Protein Receptor (SNARE) complexes, however their role in this process is not fully understood [51] . The RNA content of exosomes mainly consists of small ncRNAs (miRNAs), some miRNAs are enriched in exosomes machinery involved in the active sorting of specific types of miRNAs into exosomes (Figure 2 ). Among them miR-222 and miR-143 are relatively most abundant in ischaemic cardiac exosomes [53] . Still unraveled is the process of miRNA sorting to MVB compartments and the critical role of miRNA effector complexes is proposed. Among them, the ubiqiunated proteins Ago2, which belongs to Argonaute family, and GW1822 (P-body protein) are abundantly present in secreted exosomes and modulate miRNA activity [54] . Another possible mechanism is the contribution of hnRNPA2B1 ribonucleoprotein by the recognition of specific EXO-motif (GGAG) present in RTS sequences that could controls the loading of these miRNA into exosomes. Moreover, hnRNPA2B1 in exosomes the binding of hnRNPA2B1 to miRNA being essential for the proper miRNA loading into exosomes [55] . Recently, YBX1 (RNA-binding Y-box protein I) has been also described as essential player for the correct sorting and selective enclosure in vitro models (Figure 2 ) [56] .
Ectosome release and miRNA transfer
Ectosomes are generated by outward budding and the fusion of the plasma membrane. Two negatively charged phospholipids regulate ectosome release: phosphatidylserine (PS) and fosphatidylethyoamine (PE) which are vertically transferred by two ATP-dependent aminophospholipid transferases: -some release is induced by calpain and gelsolin activity, by destabilizing actin cytoskeleton. These specific pathways of cytoskeleton reorganization and contraction driving to ectosome release can be different in platelets and endothelial cells (ECs), but the final vesicle budding is completed via a nonmuscle myosin II motor protein-dependent pathway [57] . In CVDs, ectosomes play an important role in miRNA transdown-regulated miR-126-3p and miR-21-5p and up-regulated miR-155-5p [58] ( Figure 1B ). It has been reported that miR-126-3p is transferred between EC via ectosomes, contributing to endothelium integrity repair and down-regulating SPRED-1 transcripts in hyperglycemic conditions [59] . In contrast to healing endothelial-derived ectosomes, platelet-derived ones transfer miR-233 which down-regulates IGF-1 receptor expression on the surface of ECs and promotes apoptosis induced by advanced glycation end products. Interestingly, it has been reported that this miR-223 is delivered to EC in platelet ectosomes in complexes with Ago2 protein [60] . Plausibly, Ago2 contributes in miRNA sorting not only to exosomes but also to ectosomes, which was observed also in endothelial ectosomes carrying miR-126-3p to smooth muscle cells [9] . Regardless of several next generation sequencing studies showing distinct miRNA-enrichment signatures in different subtypes of EVs, the mechanisms of ectosome miRNA sorting and their roles in cardiovascular diseases are still unraveled. One mechanistic hypothesis assumes the plausible role of Ago2 in miRNA sorting, which was reported in endothelial ectosomes carrying miR-126-3p to smooth muscle cells [61] . However, the number of ectosome-enriched miRNAs is smaller when compared with the exosome-enriched ones.
Low and high density lipoproteins in miRNA transfer
Although the majority of miRNAs is transferred by exosomeand or ectosome dependent systems, several studies suggest that circulating high-density lipoprotein (HDL) and low-density lipoproteins (LDL) can bind and transport endogenous miRNAs. Namely, miR-223, and delivers those to hepatocytes and endothelial cell changing their inflammatory status [62] . Notably, miR-486 and miR-92a have the highest levels in differs HDL subfractions from patients with coronary artery disease [63] . Most of the work on lipoprotein miRNAs has been addressed to HDL transport; however, each of these three studies also analyzed LDL-miRNAs associations. Generally, LDL levels were found to be considerably lower than HDL levels [63] . LDL/Lp(a) apheresis has an impact on differences in plasma levels in miR-451a, miR-16, miR-19a/b, miR-223 and miR-185 and is associated with lipid homeostasis and vascular status [64] . Differently from the above reported observations, vascular cells (endothelial and smooth muscle cells) suggesting that the lipoprotein-associated pool of miRNAs does not have the regulating function of that cells [65] .
Biomarkers from the human ncRNA secretome in cardiovascular diseases
Myocardial infarction
Myocardial infarction (MI) is a leading cause of mortality in western countries, characterized by localized heart tissue dam--dium. Despite of all the new methods and techniques of interventional cardiology that are able to stabilize the patients after cardiac crisis, there is a current unmet medical need of selectherapeutic response after the infarction. Besides of the electrophysiological parameters, classical MI biomarkers included the serum levels of cardiac troponins (cardiac troponin T [66] . Circulating cell-free muscle and myocardial enriched miRNAs as miR-1 were early described as biomarkers for acute sin genes (hsa-miR-208a/b and hsa-miR-499) were characterized as biomarkers of myocardial damage and severity of an infarction [68] . Additional data obtained from patients and animal models showed a positive correlation of muscle and myocardial circulating miRNAs with the course of acute MI with segment-T elevation (STEMI). In fact, the circulating levels of miR-1, miR-133a, miR-133b and miR-499-5p followed the same increasing pattern as observed for Troponin-T concentration in STEMI patients and left-ventricular ejection fraction (LVEF), being considered to be correlated with the degree of myocardial damage and necrosis after infarction [69] . Interestingly, those pioneer studies in the early 2010 showed that the levels of circulating non-muscle miRNAs such as the liver hsa-miR-122-5p or the pancreatic-specific hsa-miR-375 in STEMI patients followed the opposite pattern to the muscle and cardiac-specific miRNAs, being downregulated in this cohort of patients [69] . These results were in contradiction with those found in animal models of cardiogenic shock, where the plasma levels of hepatic scr-miR-122-5p showed a dramatic increase after the external cardiac intervention, and could be explained due to the time of sample collection after the infarction [70] . In fact, recent studies showed that plasma levels of hsa-miR-122-5p measured at less than 8 h after infarction showed the same increased patterns that in the animal model, miRNAs such as hsa-miR-133b to successfully stratify the risk STEMI patients [71] . Levels of hsa-miR-133b in MI are determined by the infarct related coronary artery (IRA) occlusion regardless ST-elevation. Patients with the occluded IRA had higher levels of hsa-miR-133a, hsa-miR-133b then patients with patent IRA, but no difference in troponin T levels. These data suggest that circulating miRNA elevations in MI may indicate patients requiring urgent coronary revascularization [72] . Circulating miRNAs were also used to predict the individual risk for future fatal acute MI in healthy individuals [73] . The HUNT study, performed over 112 health participants, described 10 plasmatic miRNAs differentially expressed between fatal cases and controls. The best model for predicting future fatal MI include the levels of a miRNA panel composed by hsa-miR-106a-5p, hsa-miR-424-5p, hsa-let-7g-5p, hsa-miR-144-3p and hsa-miR-660-5p, providing 77.6% correct risk assessment for both genders, and 74.1% and 81.8% for men and women, respectively [73] . Other circulating miRNAs such as hsa-miR-192-5p, hsa-miR-194-5p and hsa-miR-34a-5p were also demonstrated to be good risk assessment predictors for heart failure after MI [74] . Interestingly, these miRNAs are expressed in a p53-dependent manner, which connect them with other miRNAs already characterized as drivers of CVDs that also appeared misregulated in cancer [75] . Additional studies of circulating miRNAs and different forms of MI completed the universe of more than 60 different miRNAs from diverse (Figure 3 and Supplementary Table S2) .
Recently, some circulating lncRNAs were also described as antisense 1 (ZFAS1) and CDR1 antisense (CDR1AS), showed significant differential expression between acute MI patients and control subjects, being inversely correlated between them. Similar changes of circulating ZFAS1 and CDR1AS were consistently observed also in mouse models. Reciprocal changes of circulating ZFAS1 and CDR1AS independently predict acute MI [76] . Another lncRNA, designed as urothelial carcinoma-associated 1 (UCA1) is known to be expressed in bladder and lung cancers, being a predictive biomarker for such -cally expressed in heart of adult. The level of plasma UCA1 is decreased at the early state of acute MI patients and increased at day 3 after the crisis. UCA1 circulating levels are inversely associated with the expression of hsa-miR-1 [77] .
Heart failure Heart failure is a complex disease often caused by other conditions, characterized by the existence of a decreased heart body and lungs. This condition has a very diverse pathophysiology which can involve a dysfunction either at the systolic or diastolic levels [78] . The existence of contributing factors to the heart failure due to previous CVDs such as atrial fibrillation and MI, and pharmacological treatments, makes the biomarker discovery in this area extremely challenging [79] . For diagnosis, non-invasive cardiac imaging techniques such as ultrasound scanning, cardio computer tomography (cardioCT) or positron emission tomography (PET) and the determination of cardiac electrophysiological parameters, have to be supported with standard biochemical biomarkers as circulating levels of the beta-natriuretic peptide B (BNP). Elevated BNP levels are useful to distinguish different form of acute heart failure from other dyspnea-causing conditions [80] . Interest--ing miRNA biomarkers to stratify different types of dyspnea. Tijsen and coworkers discovered a panel of 6 upregulated circulating miRNAs linked to the dyspneic phenotype, where only hsa-miR-423-5p was strongly correlated with heart failure patients [81] . This circulating miRNA was previously characterized as upregulated within the myocardium in chronic heart failure patients [82] . There are at least 50 different circulating miRNAs and 3 circulating lncRNAs described as biomarkers of different manifestations of heart failure ( Figure 3, Supplementary Table S2 ). Comparative screening studies between myocardial and circulating miRNAs in heart failure allowed demonstrating that miRNAs are more sensitive than classical biomarkers of heart injury and failure as BNP or cardiac troponins. In humans, increased in heart failure, and their levels were reverted after left ventricular assist device (LVAD) support [83] . In a rat model of heart failure induced by hypertension, Dickinson and coworkers demonstrate that circulating miRNAs can be used as biomarkers of therapeutic response and disease progres-sion. Screening for circulating miRNA in this model showed that circulating levels of rno-miR-16, rno-miR-20b, rno-miR-93, -cantly increased in response to hypertension-induced heart failure, while this effect was reverted after treatment with ACE inhibitors [84] . Recently, a more detailed comparative study was performed in a reduced cohort of patients with chronic heart failure, showing that 50% of the miRNAs with altered levels in the myocardium of patients remained unaltered in circulation, whereas circulating miRNAs from non-cardiac origin showed more variability in heart failure patients. Interestingly, four fibroblast-enriched miRNAs (hsa-miR-660-3p, -665, -1285-3p and -4491) were significantly upregulated simultaneously in heart tissue and plasma samples during heart failure, being as LVEF [85] . In patients with systolic dysfunction during heart failure, the left ventricular mass (LVM) is a classical prognosis parameter, that has been also positively correlated with the circulating levels of hsa-miR-155-5p and hsa-miR-595 [86] . Moreover, circulating miRNAs have been also used for patient stratification in different degrees of ventricular malfunction. In plasma, the levels of four circulating microRNAs (hsa-miR125a-5p, -190a-5p, -550a-5p, and -638) distinguished heart failure with reduced vs preserved left ventricular ejection fraction, showing stronger discriminative power than N-terminal probrain natriuretic peptide (NT-proBNP) [87] . Other circulating ncRNAs such as lncRNAs were studied as possible biomarkers of heart failure. In patients with heart failure induced by a previous MI, the levels of circulating mitochondrial lncRNA LIPCAR (uc022bqs.1) were shown to be correlated with the patients developing cardiac remodeling, being an independent prediction risk factor for survival rate [88] . Recently, the non-coding repressor of NFAT (NRON) and myosin heavy-chain-associated RNA transcripts (MHRT) were demonstrated to be upregulated in plasma of heart failure patients and proposed as new predictive biomarkers for the disease [89] .
Cardiomyopathies
Cardiomyopathies are a group of cardiac diseases that are characterized by morphological and functional abnormaliintrinsic cardiomyopathies when they have their origin in a myocardial dysfunction or physical change, and secondary or extrinsic cardiomyopathies, when their causing factors are extrinsic to the heart [90] . Intrinsic cardiomyopathies can have a genetic inherited basis or being acquired in response to a stress over the myocardium. Inherited cardiomyopathies are the most frequent form of the disease and in consequence, genetic tests are the most prevalent form of diagnosis, together with cardiac imaging techniques. However, patients with cardiomyopathies usually undergo series of biochemical tests for the detection of biomarkers that can aid to the diagnosis of conditions that can increase myocardial stress and assess secondary organ dysfunction (for a comprehensive review about these biomarkers see [91] ). Deregulation of the myocardial expression levels of some ncRNAs as miRNAs was early demonstrated in cardiomyopathies [6] , and the possible value of circulating miRNAs as biomarkers also investigated by several research groups. Initial studies for the use of circulating miRNAs as biomarkers and performed in dilated cardiomyopathy patients were not conclusive, since they showed increased levels of some plasmatic miRNAs as hsa-miR-423-5p that were not correlated with the severity of the cardiomyopathy itself but with the cases of heart failure associated with the primary condition [92] . In subsequent studies, it was possible to demonstrate that cardiomyopathies are characterized by increased circulating levels [93] . Cardiac remodeling associated with hypertrophic cardiomyopathy appeared to be responsible for the release of miRNAs into the bloodstream. However, correlation with left ventricular hypermiR-199a-5p, -27a-3p, and -29a-5p), whereas only hsa-miR29a-5p appeared to be associated with both cardiac hypertrophy and fibrosis which could suggest its use as a biomarker for myocardial remodeling assessment [93] . In the context, circulating miRNAs have been employed in the risk stratification of specific groups such as pediatric patients suffering genetically inherited dilated cardiomyopathy and the need for a potential heart transplantation. In fact, a molecular signature of four circulating miRNAs was able to differentiate those children with recovery potential from those that would need a heart transplant. Two miRNAs were and two miRNAs were down-regulated (hsa-miR-646 and hsamiR-639) in children with genetic dilated cardiomyopathy who were transplanted or died compared with patients who recovered their ventricular function [94] . In dilated cardiomyopathy the other most common presentation of the disease, characterized by an enlargement of the ventricular cavity, circulating miRNAs have been shown to be -ers, demonstrated that a panel of eight circulating miRNAs (hsa-miR-15a-5p, -17-5p, -18a-5p, -193-5p, -19b-3p, -200a-3p, -cardiomyopathy [95] .
Coronary artery disease and atherosclerosis
In general, coronary artery disease and atherosclerosis is associated with endothelial dysfunction and impaired lipid metabolism, in both miRNAs have their significant impact [96] . The role of miRNAs in atherosclerosis and its attendant clinical complications has been described thoroughly by Feinberg and Moore [96] . MiRNAs can regulate development and progression of atherosclerotic plaque on different pathways: regulation of lipid homeostasis, cytokine responsiveness, leukocyte recruitment and vascular smooth muscle cell function [97] . In situ, the -erosclerotic plaques in carotid endarterectomy specimens from patients with asymptomatic and symptomatic MI [97] . Another candidate miRNA, hsa-miR-370 is associated with lipid metabolism and its plasma levels are increased in CVD patients both with normo-and hyperlipidemia [98] . Interestingly, hyperlipidemic conditions favor the increase of hsa-miR-122-5p levels, designate this miRNA as a prognostic biomarker of AMI [71, 98] cally expressed in the heart muscle, are significantly higher in plasma of CVD patients and correlates with the severity of coronary atherosclerosis [99] . Type 2 diabetes mellitus induced atherosclerosis, increased levels of circulation hsa-miR-21-5p, hsa-miR-218-5p and hsafor detecting the progression of atherosclerosis [100] ( Figure 1B ). As a negative biomarker, miR-126-3p should be mentioned. Decreased levels of circulating hsa-miR-126-3p were observed in stable CVD and increased expression of hsa-miR-126 in circulating microvesicles was significantly associated with a lower incidence of major adverse cardiovascular events rate [101] . Two miRNAs associated with CVD progression are highly abundant in HDL fraction: hsa-miR-223 and hsa-miR-126-3p, but the increase in HDL-miRNA in CAD progression associated with hsa-miR-126-3p only [97] . Atherosclerotic plaque destabilization can be predicted by several miRNAs related with matrix metalloproteinase expression (hsa-miR-21-5p) or apoptosis (hsa-miR-135a/ hsamiR-147), however the last ones were overexpressed in peripheral blood mononuclear cells (PBMCs) only [102] . In patients with non-calcified coronary artery lesions, higher miR-21-5p in macrophages and lower hsa-miR-21-5p serum levels appears to be a unique signature associated with coronary plaque instability [103] ( Figure 1B) . Interestingly, hsa-miR-21-5p in microvesicles obtained from unstable CVD, showing their cell origin [104] . Thus the approach to use miRNA signature in circulating EVs to predict disease (CVD), seems to be the more appropriate approach then analysis of total miRNAs isolated from PBMCs.
In terms of atherosclerosis biomarkers, some issues must be raised. Smoking, which is a major risk factor for the development of CVD, leads to an increase of circulating leukocytederived microvesicles (ectosomes) and an increase in pro-atherogenic hsa-miR-29b content. Meanwhile, smoking reduces platelet-derived microvesicles and hsa-miR-223 related to them [105] . Very recently, the combined use of miRNAs and circRNAs as biomarkers for carotide plaque rupture was also described. In a validation study composed by a cohort of 112 patients, Bazán and coworkers demonstrated that the ratio of serum circR-284/hsa-miR-221 was significantly elevated in the acutely symptomatic patients with high-grade carotid disease, and exhibited favorable characteristics to be consider as a biomarker of carotid plaque rupture and stroke [106] .
Other cardiovascular conditions Cardiac ischemia can lead to severe functional complications and finally to failure of the myocardium. Among the different classes of complications derived from cardiac ischemias, anginas are the most prevalent in western countries. Angina pectoris is characterized by a chest pain, and can be stable or unstable depending on its progression dynamics; whereas stable angina symptoms are confined in a short time lapse, unstable angina is characterized by a reduction in coronary flow that could lead to an ischemia, myocardium necrosis and subsequent heart attack [107] . There is a current medical need for diagnosis biomarkers allowing the differentiation between stable and unstable forms of angina. Plasma circulating miRNA signatures have been recently proposed as a diagnosis biomarker for stable vs unstable angina. In patients with stable coronary artery disease, 3 circulating miRNAs were consistently upregulated hsa-miR-337-5p, hsa-miR-433, and hsa-miR-485-3p when compared with healthy individuals. From those miRNAs, the plasma levels of hsa-miR-337-5p were positively correlated with stable angina events [108] . Using found an additional group of circulating miRNAs (hsa-miR-132-3p, -150-5p and -186-5p ) that showed high discriminatory power between patients with stable vs unstable angina [109] . Niculescu and coworkers described the use of the HDLassociate miRNAs hsa-miR-92a-3p and hsa-miR-486 as discriminating biomarkers useful to distinguish between stable and vulnerable coronary artery disease patients [63] . Screening studies performed by low-density qPCR arrays also described a circulating miRNA signature, consisting of the hsa-miR106b/25 cluster, hsa-miR-17/92a cluster, hsa-miR-21/590-5p family, hsa-miR-126a-5p and hsa-miR-451a, that predicted a negative outcome in patients with coronary artery disease [104] . Cardiac arrhythmias are also sources of cardiovascular complications, especially when they appear associated to other heart functional defects. In general, the most prevalent form of cardiac arrhythmia in western countries is atrial fibrillation (AF). Pioneer studies in the field of circulating ncRNAs and AF showed that miRNAs contained in platelets could be used as biomarkers of the disease [110] . When AF appeared as a complication of a heart surgery, the levels of two circulatdecreased in those patients showing post-operative AF after coronary bypass intervention, suggesting that those circulating miRNA could be involved in the underlying biology of the development of this complication [111] . Moreover, and as a part of the inflammatory response associated with AF, patients with the established chronic fibrillation showed decreased levels of circulating hsa-miR-150-5p, that were negatively correlated with the C-reactive protein levels, a classical biomarker of the disease [112] . Genome-wide studies such as the miRythm, demonstrated a correlation between the levels of myocardial and plasma miRNAs in patients with AF after catheter ablation. This study was composed by a cohort of 112 participants with AF and 99 without AF after the surgery, where 31 patients were considered for the screening of miRNA levels in atrial tissue and in plasma. The main findings suggested the correlation between circulating and heart tissue levels of hsa-miR-150-5p and hsa-miR-21-5p in patients with AF [113] . These miRNAs have been already described as regulators of [11] . Interestingly, the circulating AF patients when the coronary circulation was considered. A study by Xu and coworkers supported by the idea that coronary circulation would better reflect the state and metabolic level of myocardial miRNA in those patients, demonstrated that the levels of circulating miRNAs in coronary blood are different to those observed in peripheral samples. In AF patients, coronary circulating hsa-miR-892a and hsa-miR-3149 were up-regulated and hsa-miR-3171 was down-regulated when compared with healthy individuals, suggesting their possible use as a biomarker of the disease [114] .
Limitations and future directions
From the data presented in this review, it is clear that the potential of circulating ncRNAs as non-invasive biomarkers of CVDs is enormous, either alone or combined with classic biochemical or electrophysiological biomarkers (Figure 3 ). -marker however their use in the clinical practice for diagnosis, prognosis or therapeutic response analysis is still not implemented. The reasons for this lack of implementation and inclusion within the clinical guidelines are diverse, but all of them have a technical background. Firstly, there is not a standard circulating nucleic-acids. Some protocols are based on the use of phenol-containing reagents, whereas others are phenol-free protocols which rely on the use of ion-exchange chromatographic separation. The yield and purity of each method are different and also the potential contaminants found. Secondly, the small amounts of recovered nucleic acids from biofluids -often useless when dealing with the small amounts of sample obtained, and the alternative methods (spectrofluorimetry and capillary electrophoresis) are expensive and in some cases sample, another technical thread is the technique employed next generation sequencing (NGS) or low-density qPCR arrays are preferred, whereas for direct sampling the only available -otides, namely Taqman or LNA probes, has made qPCR a -tion of low-abundance species. Quantitative PCR needs also proper normalization controls and protocols, which in the -munity and need to be standardized. In the particular case of next-generation sequencing, there is also not a standard protosample which hardly condition the possibility of comparing results obtained by the different approaches and sequencing reverse-transcription reaction required for the cDNA synthesis is often challenging due to the low-molecular weight contamiis blood, but other fluids remained unexplored. Saliva, for ncRNA species and it is easy to collect. However, the natunoninvasive source of circulating ncRNA species is urine. It is easy to collect and reach in extracellular vesicles having both protein and miRNA cargo. A cardio-enriched hsa-miR-1 is present in urine from patients after open-heart surgeries and its levels are correlated with cardiac troponin I [115] . Many interesting topics related with this field have arisen in the last decade and remained also almost unexplored in the biomarker field. One of the most interesting fields of future studies is the compartmentalization of ncRNAs as circulating species within fluids, and the determination of the different populations of ncRNAs in different compartments. This idea has been started to be explored in the blood with the determination of ncRNA subpopulations associated with circulating bodies, namely microparticles, exosomes, ectosomes, platelets and lipoproteins, but it will require further investigation. We expect that a deeper knowledge in this field will allow the clinicians to study determined subpopulations of ncRNAs associated to a compartment that would be more relevant for a particular CVD.
The progress in the ncRNA field brought out the generation of huge data which need big repositories enable ncRNA sequences classification and categorization. Some projects have been established as for example the miRandola 2017 database, to feel the gap between circulating miRNA presence and pathology [116] . miRandola is a comprehensive manually curated classification of different extracellular circulating non-coding RNA types. This database classifies extracellular RNAs based on their extracellular form: Argonaute 2 protein, exosome, microvesicle, microparticle, membrane vesicle, high density lipoprotein and other circulating forms. This kind of knowledge repository can serve as information source not only for laboratory testing, but may be evaluated during data mining or machine learning.
Finally, and understanding that the presence of ncRNAs in the fluids is a natural process not only related with cell death but also with active secretion mechanisms, there is a clear mechanistic need that dissect the cellular pathway(s) employed to export different ncRNAs to the extracellular medium, and which are the reasons and specificity of this process. The information available in the literature about this topic is disperse and only covers a few possible partners that will collaborate in the secretion of ncRNA species. Only if we understand the mechanism of ncRNA sorting and introduction into the cell secretion machinery, we will be able to correlate them with a possible function. Recent literature point out the real action of ncRNAs as "genetic hormones" with a et al Acta Pharmacologica Sinica potential to regulate distant target cells by being transported is still a long road to pave, but a fundamented physiological insight to this circulating ncRNA species is needed in order to understand their abilities, roles and potential uses as diagnosis tools and therapeutic targets for CVDs.
Conclusion
The use of circulating ncRNAs as biomarkers for CVDs offers increased advantages over the classical biomarkers; however there is still a current medical need for a translation from the bench to the bedside and their inclusion in medical guidelines. Among circulating ncRNAs, plasma/serum miRNAs have been described as potential biomarkers in many cardiac pathologies, with applications in diagnosis, prognosis and therapeutic response. Other circulating ncRNAs species as lncRNAs and circRNAs are also promising biomarkers in the CVDs remain largely unknown. Current technical limitations ncRNAs need to be circumvented in order to implement solid protocols for their consideration as clinically useful biomarkers. Moreover the future detailed knowledge of the presence of these molecular species in several circulating compartments (platelets, microparticles, microvesicles) and their relationships with CVDs are also needed to establish reliable biomarkers that could be useful in the clinical practice.
